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CHARGE INJECTION REDUCTION TECHNIQUE 
IN SINGLE AND MULTI-REFERENCE SWITCHING AMPLIFIERS 

Reference to Related Application 
This application claims priority from U.S. provisional application Serial No. 
60/228,531, filed August 28, 2000, the entire contents of which are incorporated herein 
by reference. 

Field of the Invention 
This invention relates generally to switching amplifiers and, in particular, to a 
charge injection reduction technique applicable to single- and multi-reference 
configurations. 

Background of the Invention 

The technique of pulse-width modulating one or more switched voltages or 
currents to produce an integrated analog representation of the modulation source has been 
in use for at least two decades. When endeavoring to achieve high accuracy with this 
approach, however, a parasitic effect of arises in conjunction with most switching 
devices. In particular, in addition to the desired switched voltage or current, most 
switching devices inject a portion of the control signal used to effect the state change. 

This lack of isolation manifests as an offset in the output which is not directly 
indicated by the modulation source. Although this is not usually problematic in unipolar 
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designs such as power supplies, bipolar designs, such as pulse-width-modulated 
amplifiers, may suffer considerable distortion due to the effect. A need exists to nullify 
this undesired switching device deficiency. 

Summary of the Invention 
The present invention is a method of adding a minimum pulse width to all 
switching devices of both outputs of a switching differential pair. When used with 
similar switching devices at similar temperatures, this results in injecting a similar error 
term into both sides of a differential output, thus presenting it as a null common-mode 
output. That is, by correlating the output to differences between the differential pairs, 
accurate representations by the switching device outputs are achieved. Although the 
invention is described in conjunction with two switching devices per side of the 
differential output pair, operation with three or more switching devices per side, as seen 
in multi-reference amplifiers, may be accommodated by the invention. 

Brief Description of the Drawings 
FIGURE 1 illustrates a typical bridged-output Class D (PWM) amplifier; 
FIGURE 2 shows the timing of signals normally encountered in the circuit of 
Figure 1 ; and 

FIGURE 3 shows the timing of signals according to the invention in the same 
operational area. 
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Detailed Description of the Invention 

Figure 1 illustrates a typical bridged-output Class D (PWM) amplifier. Pulse- 
width modulator 102 converts incoming data stream 101 into pulse-width-modulated 
drive signals 111, 112, 113 and 114, which drive switching devices 103, 104, 105 and 
106, respectively. Inductors 107 and 108, in conjunction with capacitor 109, filter 
switching components from the outputs of the switching devices, and supply analog 
output to load 1 1 0. Operation of this type of amplifier is well known in the art. 

Referring now to Figure 2, traces 201 and 202 show inputs to switching devices 

103 and 104, respectively, and trace 205 shows output from switching devices 103 and 

104 to inductor 107, all of Figure 1. Trace 203 and 204 show inputs to switching devices 

105 and 106, respectively, and trace 206 shows output from switching devices 105 and 

106 to inductor 108, again all of Figure 1. At small pulse widths, it can be seen that 
outputs are artificially elongated by charge injected principally from control signals to 
switching devices 103 and 105. 

Referring now to Figure 3, traces 301 and 302 show inputs to switching devices 

103 and 104, respectively, and trace 305 shows output from switching devices 103 and 

104 to inductor 107, all of Figure 1. Trace 303 and 304 show inputs to switching devices 

105 and 106, respectively, and trace 306 shows output from switching devices 105 and 

106 to inductor 108, again all of Figure 1. 
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Trace 307 shows the differential between traces 305 and 306. By correlating 
output trace 307 to differences between trace 301/302 and 303/304 pairs, accurate 
representations by switching device outputs can then be seen. Although shown with two 
switching devices only per side of the differential output pair, operation with three or 
more switching devices per side, as seen in multi-reference amplifiers, is anticipated. 

I claim: 


